Salt reduction policies have been implemented throughout the world as well as in Japan. However, most of the current questionnaires for estimating salt intake are apt to be based on empirical evidence. This study was aimed to develop and validate a questionnaire for predicting high salt intake based on salt usage using dietary behaviors that affect salt intake in cooperation with Niigata prefecture, Japan. The study was comprised of 760 participants aged 21 -79 years (Men%: 49%) living in Niigata. Participants completed a questionnaire about dietary behaviors potentially relevant to salt intake. Second morning voiding urine for estimating dietary salt intake per day was collected on the same day. The relationship of estimated dietary salt intake to answers on the questionnaire was examined using analysis of covariance for age, gender, body mass index, and whether taking medication or not. Ten items on the questionnaire revealed an association with dietary salt intake per day: making oneself gorge on a meal, having ≥2 different staples per meal, having a 1-dish meal, number of simmered dishes per day, variety of pickled vegetables per day, having salt-cured fish eggs per day, quantity of soup consumed when eating noodles, preference for strong-tasting meals, frequency of eating out, and frequency of alcohol consumption.
Introduction
There is conclusive evidence on the adverse effects of excessive dietary sodium consumption on blood pressure, and multiple observational studies showed clear correlations of sodium consumption with cardiovascular disease as well as a range of other conditions including gastric cancer, osteoporosis, cataracts, kidney stones, and diabetes [1] . Reduction in dietary salt intake is encouraged throughout the world. The World Health Organization aimed to achieve a target salt intake of less than 5 g/day and a mean reduction in salt intake of 30% by the worldwide population by 2025 [2] . Many individual countries are engaged in salt reduction policies [3] . In Japan, which faces the issue of high dietary salt intake compared with Western countries, the target for dietary salt intake was reduced from 9.0 to 8.0 g/day in men and from 7.5 to 7.0 g/day in women since the Dietary Reference Intakes for Japanese (2015) was issued [4] .
Providing support for strengthening the dietary goal for salt intake is required for national salt reduction policies centered on enlightenment about traditional salty foods and cooking methods for salt reduction. The Japanese mean dietary salt intake was reduced 3.0 g/day in 24 years; that is from 13.7 g/day in 1981 to 10.7 g/day in 2004 [5] [6] .
On the other hand, the reduction rate of salt intake in the recent decade has been gradual: to 10.2 g/day in 2013 [7] . To reduce salt intake by Japanese to less than 10.0 g/day is unrealistic if there is not a sufficient salt restriction policy to enable regions and/or individuals to put knowledge about salty foods and cooking methods into practical action to reduce salt intake. Working relationships with public health nutritionists and other professionals in prefectural and municipal governments, and university researchers have been established in Niigata Prefecture since 2013, making it a particularly advanced prefecture engaged in salt reduction in Japan. Surveys and analyses are ongoing to improve the efficacy of salt restriction policies, appropriate measures are planned through the Plan-Do-Check-Act cycle, and an effective program for salt restriction policies is being developed [8] .
As a first step, methods have been discussed on how to carry out appropriate assessments and education for regions and/or individuals using information on dietary behavior affecting high salt intake based on scientific evidence of the current situation in the population. However, there is not a scientifically reliable questionnaire to estimate salt intake based on dietary behavior rather than rules of thumb based on experience although there are many salt intake questionnaires in the world, including Japan, to assess salt intake and provide education for salt reduction [9] [10] [11] . Therefore, with the cooperation of Niigata prefecture, Japan, the aim of this study was to develop and validate a salt intake questionnaire that can allow the prediction of high salt intake based on salt usage in relation to dietary behavior.
Methods
The study was comprised of 760 participants, aged 21 -79 years, living in Niigata Prefecture, Japan, and lead by a working group in Niigata prefecture that provided data analysis and made policy recommendations to create a nutrition policy and evaluation system. The protocol for the study, which is in accordance with the Declaration of Helsinki and the Ethical Guidelines for Clinical/Epidemiological Studies of the Japanese Ministry of Health Labor and Welfare, received ethical approval from the institutional review boards of all of the participating institutes. Written informed consent was obtained from all participants enrolled. The survey for participants was carried out in 2014, and within one day, participants completed a questionnaire regarding dietary habits potentially relevant to salt intake and underwent collection of second morning voiding urine (SMU) and other assessments.
All participants completed the questionnaire on dietary behavior potentially relevant to salt intake. Construction of the questionnaire was based on the frequency of eating salty and other foods, and behaviors and attitudes related to salt intake cited from an empirical perspective gained from interviews with registered dietitians associated with public administrations or medical services. Content of the resultant questionnaire and possible responses are shown in Table 2 .
SMU for estimating dietary salt intake per day was collected from participants. Estimated sodium excretion from SMU was validated with that of 24-h urinary (24HU) excretion and the obtained formulas for 24-h urinary sodium excretion (24HUNaV) were reported as follows [12] : 1) PRCr (mg/day) of men = 15.12 × weight (kg) + 7.39 × height (cm) − 12.63 × age (year) − 79.90, and PRCr (mg/day) of women = 8.58 × weight (kg) + 5.09 × height (cm) − 4.72 × age (year) − 74.95; and 2) estimated 24HUNaV (mEq/day) = 16.3 × (SMUNa/SMUCr × PRCr) 0.5; where PRCr = predicted value of 24HUCr, SMUNa = Na concentration in the SMU and SMUCr = creatinine concentration in the SMU. There were reported high significant correlations between the values estimated by 24HUNaV and Na measured by 24 h urine specimens for a 3-5 day period (r = 0.728, p < 0.001). Estimated 24HUNaV was calculated to reflect dietary salt intake by the following formula: dietary salt intake (g/day) = 24HUNaV (mg/day)/1000 × 2.54. A physical examination that included height, weight, and blood pressure measurements was conducted. A questionnaire was also used to determine smoking status and medications used for hypertension, hyperglycemia, or hyperlipidemia.
Patient characteristics were described as mean ± SD or percentage. Differences in the major characteristics according to age and gender were examined by t-tests or Chisquare tests. The relationships of salt intake to answers to the questionnaire regarding dietary behavior potentially relevant to salt intake were then examined using analysis of covariance for age, gender, body mass index (BMI), and whether taking medication (antihypertensive agents, insulin or oral hypoglycemic agents, or lipid-lowering agents).
All p-values are two-sided, and the significance level is 0.05. All statistical analyses were carried out using SPSS Statistics 23 (IBM, New York, NY, USA). Table 1 shows the characteristics of the 760 participants according to age and gender. Mean daily salt intake was 14.0 and 11.7 g in men and women, respectively, aged from 20 to 59 years (p < 0.001), and 11.3 and 10.9 g in men and women, respectively, aged 60 Table 1 . Characteristics of participants who completed a questionnaire on dietary habits potentially relevant to salt intake and who underwent collection of spot urine. 20 -59 to 79 years (p = 0.37). BMI, systolic blood pressure, and diastolic blood pressure in men were significantly higher than in women regardless of age. The prevalence of men treated by antihypertensive agents was significantly higher than women aged 20 to 59 years, but the prevalence was not significantly different between men and women aged 60 to 79 years (p = 0.003 and p = 0.26, respectively). Among participants aged 60 to 79 years, the percentage of women treated by lipid-lowering agents was higher than that of men (p = 0.022). There were no significant differences between men and women in the prevalence of participants using insulin or oral hypoglycemic agents at any age. Table 2 shows dietary salt intake according to the responses to the questionnaire on dietary behaviors potentially relevant to salt intake. Ten items on the questionnaire showed an association with dietary salt intake per day: making oneself gorge on a meal (everyday vs. ≤2 times/week: 12.6 and 10.7 g, p = 0.038), having ≥2 different staple foods per meal (≥ 3 vs. ≤2 times/week: 12.8 and 12.1 g, p = 0.034), having a 1-dish meal (≥3 vs. ≤2 times/week: 12.5 and 12.0 g, p = 0.046), number of simmered dishes per day (≥4 servings vs. ≤1 serving/2 days: 13.9 and 11.3 g, p = 0.001), types of pickled vegetables per day (≥2 types vs. ≤1 type/2 days: 12.9 and 11.8 g, p = 0.027), having salt-cured fish eggs per day (≥1 time vs. ≤1 serving/2 days: 12.8 and 12.1 g, p = 0.024), quantity of soup consumed when eating noodles (≥1/3 vs. very little: 12.4 and 11.6 g, p = 0.044), preference for strong-tasting meals (yes vs. no: 12.7 and 12.0 g, p = 0.013), frequency of eating out (≥2 vs. ≤1 time/week: 12.7 and 12.1 g, p = 0.05), and frequency of alcohol consumption (daily, occasionally, and very infrequently: 13.1, 12.1, and 11.9 g, p = 0.018 (daily vs. occasionally) and 0.001 (daily vs. very infrequently), respectively). Table 3 shows the dietary salt intake and the responses to the questionnaire according to whether participants were 20 to 59 years old or were 60 to 79 years old. The relationship with dietary salt intake was reduced in 2 of 10 items in the questionnaire that were described above regardless of the age group: making oneself gorge on a meal and frequency of alcohol consumption. However, the significant associations remained in participants 20 to 59 years old in 5 of the 10 items: having ≥2 different staple foods per meal (≥3 vs. ≤2 times/week: 13.7 and 12.6 g, p = 0.004), having a 1-dish meal (≥3 vs. ≤2 times/week: 13.3 and 12.3 g, p = 0.004), having salt-cured fish eggs per day (≥1 times vs. ≤1 serving/2 days: 13.6 and 12.7 g, p = 0.022), quantity of soup consumed when eating noodles (≥1/3 vs. very little: 13.1 and 11.3 g, p = 0.011), and frequency of eating out (≥2 vs. ≤1 time/week: 13.6 and 12.6 g, p = 0.005). There were significant associations in participants from 60 to 79 years of age in 3 of the 10 items: number of simmered dishes per day (≥4 servings vs. ≤1 serving/2 days: 12.2 and 9.2 g, p = 0.002), types of pickled vegetables per day (≥2 types, 1 type, and ≤1 type/2 days: 11.9, 10.6, and 10.0 g, p = 0.011 (≥2 types vs. 1 type) and 0.006 (≥2 types vs. ≤1 type/2 days), respectively), and preference for strong-tasting meals (yes vs. no: 11.7 and 10.7 g, p = 0.020). Additionally, participants in the older age group who used delicatessen food ≤1 times a week had a significantly higher dietary salt intake than those using delicatessen food ≥2 times a week (11.3 g and 10.0 g, respectively, p = 0.016). Analyses were conducted by analysis of covariance for age, gender, BMI, and whether taking medicine or not (antihypertensive agents, insulin or oral hypoglycemic agents, or lipid-lowering agents). Table 4 shows the dietary salt intake and responses to the questionnaire according to gender. In 4 of the 10 items described above, the fewer times the participants of both genders engaged in the following dietary behaviors the lower their salt intake: making oneself gorge on a meal, having a 1-dish meal, types of pickled vegetables per day, and frequency of eating out. Significant correlations between dietary behavior and lower dietary salt intake remained in male participants in 2 of 10 items: number of simmered dishes per day (≥4 servings vs. ≤1 serving/2 days: 16.1 and 11.8 g, p = 0.005) and frequency of alcohol consumption (daily vs. ≤1 serving/2 days: 14.1 and 12.4 g, p = 0.005).
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Among female participants significant associations remained in the following 4 of the 10 items: having two or more different staple foods per serving (≥3 vs. ≤2 times/week: 12.2 and 11.2 g, p = 0.011), having salt-cured fish eggs per day (≥1 time vs. ≤1 serving/2 days: 12.0 and 11.1 g, p = 0.023), quantity of soup consumed when eating noodles (≥1/3 vs. very little: 11.6 and 10.7 g, p = 0.038), and preference for strong-tasting meals (yes vs. no: 11.9 and 11.1 g, p = 0.021). Among female participants there was also a significant difference in dietary salt intake according to whether or not seasoning was added to cooked dishes (11.8 and 11.0 g, p = 0.014).
Discussion
Dietary salt reduction is encouraged worldwide as one of the most important international nutrition challenges. However, detailed evidence indicating salt intake quantitatively for each dietary behavior relating to high salt intake is sparse in Japan, even though dietary salt intake by Japanese is among the highest in developed countries. With the cooperation of Niigata prefecture, the current study revealed that 10 dietary habits were associated with dietary salt intake. These 10 items were within a questionnaire for identification of high salt intake by assessing dietary behavior to improve strategies for salt reduction based on evidence. The 10 items indicating dietary behavior associated with dietary salt intake are as follows: making oneself gorge on a meal, having 2 or more different staple foods per meal, having a 1-dish meal, number of simmered dishes per day, types of pickled vege-tables per day, having salt-cured fish eggs per day, quantity of soup consumed when eating noodles, preference for strong-tasting meals, frequency of eating out, and frequency of alcohol consumption. These items were based on an empirical perspective from interviews with registered dietitians having broad experience in health and nutrition policies. Thus, it can be said that the results of our study support current salt restriction policies.
On the other hand, several items on the questionnaire showed no significant correlation between dietary salt intake and dietary habits. For example, there were no significant differences in dietary salt intake according to the number of times soup was consumed per day. Soup, especially miso (fermented soybean paste) soup, was originally an essential part of one's meals in Japan and is a basic form of traditional Japanese cuisine [13] [14] . Dietary salt restriction policies for the past dozen years or so in Japan have focused on the reduction of the frequency of soup intake as one of the most important targets [8] . The number of times soup is consumed per day was consequently reduced, and our results surveyed in 2014 also showed that more than half of the participants had soup only once or less per day ( Table 2) . Based on the current study, further action is needed not only to reduce the frequency of soup intake but also to assess the actual salt content in soup and to provide education to reduce the salt concentration in soups.
Additionally, dietary attitudes were not associated with dietary salt intake, such as whether trying to reduce salt intake; use of dashi flavor, broth, or stock and the natural taste of food; and whether trying to have a meal consisting of a staple food, main dish, and side dishes. This finding reflects that knowledge and motivation for reducing salt intake are not effectively connected with concrete actions for salt reduction. It can be said that on the basis of our results, identification of regions and/or individuals with dietary behaviors related to high salt intake and appropriate education within those regions and of individuals is needed for further effective implementation of salt restriction policies.
When participants were divided into groups comprised of 20 to 59 year olds and 60
to 79 year olds, several items had different correlations with dietary salt intake according to the age group. High dietary salt intake was significantly related to the high frequency of having ≥2 different staple foods per meal, having a 1-dish meal, having salt-cured fish eggs, quantity of soup consumed when eating noodles, and frequency of eating out only in participants aged from 20 to 59 years, and in participants aged 60 to 79 years only, high frequency of simmered dishes, consuming many types of pickled vegetables per day and preferring strong-tasting meals were correlated with high dietary salt intake.
The difference in results according to the age group may be closely related to changes in Japanese dietary behavior and culture over the past several years. With economic growth after World War II and the inflow of Western style food, the Japanese dietary intake was improved from weighted toward a carbohydrate diet to well-balanced diet (proportions of fat and carbohydrate as percentages of energy intake: 6.9 and 80.7% in 1949 [15] , and 25.3 and 59.2% in 1990 [6] , respectively). At the same time, the intake of pickled vegetables among typical traditional Japanese salt cured products as one of the major side dishes was reduced from 47.4 g/day in 1949 [15] to 9.4 g/day in 2013 [7] , and 20-to 59-year-old Japanese consume less than half the pickled vegetables consumed by those 60 to 79 years of age (7.1 and 14.7 g/day) [7] . Conversely, as for processed seafood products, the intake amount was increased from 9.8 g/day to 28.8 g/day over 64 years [7] [15] , due to improvement of processing techniques for seafood [16] . These changes in dietary patterns in Japan may affect the strength of correlations between dietary salt intake and consumption of salt-cured fish eggs and pickled vegetables according to the age group.
In addition, traditional Japanese cuisine like "ichiju san-sai (staple food, 1 main-dish, 2 side-dishes, and 1 soup)" has diminished with the times [13] , and the tendency has been toward the spreading fast food industry [8] [17] , observed by the increase in frequency of eating out, and the lack of cooking skills and nutrition knowledge by young adults [18] [19]. According to the annual report 2013 from the cabinet office, the percentage of Japanese having the staple food, main dish and side dish assortment almost every day is the lowest in their 20s (men: 25.7%, women: 51.0%), and the highest in their 70 s (men: 77.6%, women: 81.2%), and the prevalence of Japanese 20-to 59-year-olds eating out at least three times a week is over twice as much as that of 60-year-olds and above (9.5% vs.
3.3%) [18] . Therefore, it can be speculated that only participants aged from 20 to 59 years had a relationship between high dietary salt intake and having a 1-dish meal, including noodles because 1-dish meals are easy to cook and are provided by fast food industries, and the correlation between high dietary salt intake and high frequency of simmered dishes was shown only in participants aged from 60 to 79 years. The insufficient nutrition knowledge in young people may also be related to the high frequency of having ≥2 different staple foods per meal, and tendency of inappropriate self-related dietary behaviors; however, preference for strong-tasting meals is not related.
As mentioned above, creating salt restriction education that is responsive to the characteristics of each generation is needed for acceptance by any generation. Furthermore, to meet the needs of the prevailing food-service and food manufacturing industries in modern society, it is necessary to establish government-led strategies to lessen the amount of salt in the environment, such as the Consensus Action on Salt & Health in the United Kingdom [20] , which has been working to reach a consensus with the food industry and Government for reducing the amount of salt in processed foods [21] .
The different correlations between dietary salt intake and items indicating dietary habits were also observed when participants were divided according to gender. As a notably characteristic point, only in women was a significant correlation observed between 2 items relevant to dietary behavior and dietary salt intake: preference for a strong-tasting meal (11.9 and 11.1 g, p = 0.021) and whether adding seasoning to cooked dishes (11.8 and 11.0 g, p = 0.014). As the reason for the gender difference, it may be that men have less knowledge about foods and eating patterns for a healthy life compared with women and women tend to have higher general cooking skills than men [19] [22] . Moreover, the prevalence of men who cook every day is lower than women [7] . Married men particularly habitually have meals cooked by their wives, thus they tend to be passive about acquiring knowledge and practical experience regarding food.
Understanding the actual status of dietary habits and comprehension of dietary salt reduction based on gender is required for performing and developing an educational program for salt reduction.
The present study had several limitations. First, the participants were all residents of Niigata prefecture. It is reported that many countries have regional differences in dietary habits and nutritional intake [7] [23] [24] [25] including salt intake in Japan [26] . Additional research in other prefectures is of importance for nationwide salt reduction policies. Second, this study included only participants aged 20 years or older. A proper lifestyle, which includes proper dietary habits, is the basis for healthy status in childhood and tends to persist throughout life [27] [28] . Further studies involving minors are required in the future. Another limitation is that estimated dietary salt intake was obtained from SMU [29] . However, estimated sodium excretion from SMU was validated with that of 24-h urinary excretion with highly significant correlations (r = 0.728, p < 0.001) [12] and has reported use in a number of epidemiological studies [30] [31].
Conclusion
In conclusion, we clarified 10 items related to dietary behavior that were associated with dietary salt intake in cooperation with Niigata prefecture, Japan. These items may be used for developing an evidenced-based questionnaire that would indicate specific dietary behaviors that could achieve a reduction in salt intake and that could assess salt intake regionally and/or in individuals. Based on our current findings, identification of and education in regions and/or individuals with dietary habits related to high salt intake, and further discussion and cooperation among public health nutritionists and other professionals in the government as well as university researchers are needed for practicing the Plan-Do-Check-Act cycle, which has a scientific basis, and development of an effective program for dietary salt reduction. the data analysis. The authors declare that there is no conflict of interest associated with this manuscript.
